dian National Topographic DataBase ( N T D B ) . T h e methodology has been developed on the basis of road extraction from I R~p a n images (with a 5.8 m spatial resolution) by using a wavelet approach. T h e feature matching and conflation techniques are used to road change detection and updating. Elementary experiments have showed that the proposed framework could be used for developing an operational road database updating syslem.
Introduction
The updating of road network database is crucial to many geographic information system (GIS) applications like navigation, urban planning, etc. The development of mature methodologies for automatic road extraction and change detection based on imagery may provide a hopeful solution to this problem. H o w e v e r , there are still a lot of issues required for further investigations before an image-based road network updating system becomes operational.
An operational road database updating system should serve the following three main functions:
1) The generation of a new version of road network by road extraction from imagery.
2) The detection of road changes using an image-based (e. g. snakes model) or vector-based (e. g. map conflation) method to identify the roads that remain unchanged, have disappeared, or emerged recently.
3) The updating of the road database. This includes updating the geometric data of the road network; transferring attributes from the old version of database to the new version; and organizing both versions of road databases in such a way that facilitate efficient spatio-temporal query and analysis.
It is clear that each of the three functions is related to at least one difficult issue in the GIS research area. For example, the first one, feature extraction from remotely-sensed imagery, is one of the hottest topics in the Geomatics community. The second and third are in the general research area of map conflation and spatio-temporal modeling. We have noticed that there is a lot of works that has been done in each of these three areas separately, but very few researchers have treated the three parts in a united way. 
Roles of wavelet transform in road extraction
Wavelet-based representations of images enjoy the nice property of energy compaction in both the space and the frequency domain, which greatly facilitates the task of feature extraction.
Wavelet transform can be involved in the process of road extraction in two ways. The first is to be used as a tool to obtain the multi-scale representations of the original image, and then use a method similar to that in Reference algorithm used for that work is the "d trous" algorithm, a detailed discussion of which can be found in Reference [11] . The approach we are going to use in this paper is similar to that in Reference [-7] 9 extract road sides or road centerlines on the basis of an analysis in the wavelet
